Durvalumab, a human immunoglobulin G1 kappa monoclonal antibody that blocks the interaction of programmed cell death ligand 1 (PD-L1) with the PD-1 and CD80 (B7.1) molecules, is increasingly used in advanced neoplasias. Durvalumab use is associated with increased immune-related adverse events. We report a case of a 55-year-old man who presented to our emergency room with hyperglycaemia after receiving durvalumab for urothelial high-grade non-muscle-invasive bladder cancer. On presentation, he had polyuria, polyphagia, nausea and vomiting, and laboratory test revealed diabeticketoacidosis(DKA).Otherthandurvalumab,noprecipitatingfactorswereidentified.Pre-durvalumabblood glucosewasnormal.Thepatientrespondedtotreatmentwithintravenousfluids,insulinandelectrolytereplacement. Simultaneously,hepresentedathyroidhormonepatternthatevolvedin10 weeksfromsubclinicalhyperthyroidism (initially attributed to iodinated contrast used in a previous computerised tomography) to overt hyperthyroidism and then tosevereprimaryhypothyroidism(TSH:34.40 µU/mL,freethyroxine(FT4):<0.23 ng/dLandfreetri-iodothyronine(FT3): 0.57 pg/mL).Replacementtherapywithlevothyroxinewasinitiated.Finally,hewastestedpositiveforanti-glutamicacid decarboxylase(GAD65),anti-thyroglobulin(Tg)andantithyroidperoxidase(TPO)antibodies(Abs)anddiagnosedwithtype 1 diabetes mellitus (DM) and silent thyroiditis caused by durvalumab. When durvalumab was stopped, he maintained thetreatmentofmultipledailyinsulindosesandlevothyroxine.Cliniciansneedtobealertedaboutthedevelopmentof endocrinopathies, such as DM, DKA and primary hypothyroidism in the patients receiving durvalumab.
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Learning points:
• Patients treated with anti-PD-L1 should be screened for the most common immune-related adverse events (irAEs).
• Glucose levels and thyroid function should be monitored before and during the treatment.
• Durvalumab is mainly associated with thyroid and endocrine pancreas dysfunction.
• Inthepatientswithsignificantautoimmunebackground,risk-benefitbalanceofantineoplasticimmunotherapy should be accurately assessed.
Background
In recent years, immune checkpoint inhibitors (ICI) have emerged as effective therapies for advanced neoplasias and act as modulators of immune checkpoint proteins (1) . ICI significantly improve the response rates and survival of patients with multiple neoplasms, including melanoma (2), non-small-cell lung cancer (NSCLC) (2) and renal cell carcinoma (RCC) (2) 
Case presentation
A 55-year-old Caucasian man presented to our emergency room with polyuria, polydipsia, polyphagia, nausea and vomiting in the last 2 weeks. Symptoms progressively deteriorated despite consuming a significant amount of fluids. He showed no fever or other infectious signs of disease. The patient did not explain diarrhoea or malabsorption.
Three weeks before admission, he started a combination therapy of Bacillus Calmette-Guérin (BCG) and durvalumab according to a clinical trial protocol. He received one cycle of intravenous durvalumab at 10 mg/kg (1200 mg of durvalumab; weight, 120 kg; body mass index, 34.69 kg/m 2 ).
He suffered from comorbidities like arterial hypertension and psoriasis. He received enalapril for arterial hypertension but not glucocorticoid therapy. A review of his family background revealed that his son was diagnosed with type 1 DM and was positive for GAD65 Abs when he was 3 years old. There was no personal or family history of pancreatitis, thyroid dysfunction or other autoimmune disorders.
The patient was afebrile and normotensive with a pulse of 69 bpm, respiratory rate of 22 breaths per minute and oxygen saturation of 98% while breathing ambient air. On examination, he felt thirsty, tired, with dizziness. Physical examination and chest radiograph revealed normal findings.
Case presentation for hypothyroidism
One month before starting durvalumab treatment, routine blood test revealed an asymptomatic subclinical hyperthyroidism (TSH: <0.01 µU/mL; FT4: 1.41 ng/dL and FT3: 3.77 pg/mL).
The patient had previously undergone a computerised axial tomography (CAT scan) with iodinated radiographic contrast medium. Subclinical hyperthyroidism was considered secondary to the iodinated radiographic contrast medium, and no antithyroid drugs were introduced.
After durvalumab treatment and 2 weeks after presenting to our emergency room due to ketoacidosis, he manifested fatigue, constipation, muscle weakness and weight gain. Physical examination showed puffy face with under-eye oedema and dry skin. Palpation of the neck showed no goitre or cervical pain.
Investigation
Laboratory analyses showed hyperglycaemia (417 mg/dL) and increased anion gap metabolic acidosis (pH: 7.13, HCO 3 − : 11.9 mEq/L, anion gap: 21 mEq/L) associated with ketosis (beta-hydroxybutyrate in capillary blood: 6.0 mmol/L). Other metabolic derangements (hyponatraemia and hyperkalaemia) were related to DKA. Further blood test characterised glycaemic dysfunction as a type 1 DM (HbA1c: 8.4%; C-peptide level: 0.02 ng/mL; blood glucose level: 229 mg/dL; GAD65: 22.31 U/mL and islet antigen-2 (IA2): 0.14 U/mL; Table 1 ).
Multiple fasting capillary glucose tests until 1 month prior to admission were normal (77-95 mg/dL). Abs for DM were not tested before starting durvalumab. Human leukocyte antigen typing was not checked.
Because the patient did not explain exocrine pancreatic disorders like diarrhoea or malabsorption, a deeper analysis of the exocrine pancreatic function was not performed. 
Investigation with hypothyroidism onset
Laboratory analyses showed a rapid decrease in FT4 and increase in TSH (TSH: 0.08 µU/mL, FT4: 0.88 ng/dL and FT3: 1.52 pg/mL). AI was excluded by ACTH test (250 mg tetracosactide) that showed 0-min, 30-min and 60-min cortisol levels of 9.38 µg/dL, 23.70 µg/dL and 26 µg/dL, respectively, and basal ACTH of 10.5 pg/mL. In the next 2 weeks, he developed primary hypothyroidism (TSH: 34.40 µU/mL, FT4: <0.23 ng/dL and FT3: 0.57 pg/mL). Ordinary blood test showed positive antithyroid Abs: TSH receptor antibodies (TRAbs) 1.85 mUl/mL (0-1.75), TPO Abs 513 UI/mL (0-34) and Tg Abs 913 UI/mL (0-110; Fig. 1 and Table 2 ).
Treatment
The patient was diagnosed with DKA caused by new onset of type 1 DM and primary autoimmune hypothyroidism, after a silent thyroiditis, secondary to durvalumab. He was treated with intravenous hydration, insulin drip with electrolyte replacement and levothyroxine. Levothyroxine treatment was initiated once AI was excluded. Thereafter, all the metabolic disturbances improved with resolution of hyperglycaemia, acidosis and undetectable FT4.
Outcome and follow-up
CT showed stable disease without progression. A new cycle of durvalumab was scheduled once the endocrine disorders were corrected. The patient continued to require daily multiple insulin injections (basal glargine, 60 U/day; prandial insulin aspart, 12 U/meal) and levothyroxine 200 µg/day (1.6 µg/kg) at his last follow-up, which was 3 months after hospital discharge.
Discussion
GAD65 Abs-positive, low C-peptide, sudden onset and persistence of hyperglycaemia with DKA confirmed type 1 DM. Low FT4, high TSH with TPOAbs, TGAbs and low levels of TRAbs-positive confirmed the diagnosis of primary autoimmune hypothyroidism. The causal relationship between durvalumab and development of autoimmune diabetes and hypothyroidism is reinforced by normal pretreatment fasting blood glucose levels and the preceding phase of silent thyroiditis with suppressed TSH, respectively. However, we cannot neglect the previous existence of GAD65 given the significant family history of type 1 DM in a first-degree relative.
Endocrine disorders, especially thyroid dysfunction, are common irAE caused by ICI treatment (5). Endocrine disorders mostly have been related with nivolumab (2, 3), pembrolizumab (2, 3, 4, 5) or ipilimumab (2, 3, 4, 5) treatment. To date, limited studies suggest endocrine disorders are caused by durvalumab.
The first report on durvalumab endocrine disorders was the PACIFIC (6) study. In this trial, durvalumab was used to treat stage III NSCLC in 1414 patients. Immunemediated hypothyroidism and hyperthyroidism occurred in 136 patients (9.6%) and 81 (5.7%), respectively. New onset of type 1 DM without an alternative aetiology occurred in one patient (<0.1%), AI occurred in 13 (0.9%) and AI and diabetes insipidus caused by hypopituitarism occurred in one (<0.1%).
Marchand et al. (7) describe a case of DM under durvalumab treatment. The patient developed DM 3 months after durvalumab treatment, but it was not The aetiology of PD1-1-and PDL-L1-induced diabetes is certainly of immune nature, but it is not related to the humoral immune dysfunction that characterises type 1 DM. This may be due to cell-mediated immune activation that occurs with PD-1 and PD-L1 therapies (9) . In the revised case series, cell-mediated toxicity appears to spare the alpha-cells and exocrine pancreas in most patients. However, beta-cell destruction is so severe that most patients present with DKA and undetectable C-peptide with severe symptoms, including polyuria, polyphagia and weight loss. Other endocrine dysfunctions, like Hashimoto's hypothyroidism or AI, associated with PD1-1 and PDL-L1, are also associated with type 1 DM.
There are no biomarkers to predict the onset of these forms of endocrine disorders, so regular screening for early detection is mandatory (10) . An in-depth screening for risk factors of autoimmune dysfunction, including personal or familial autoimmune illness like vitiligo, arthritis or autoimmune endocrinopathies may help in the rational selection of patients for this treatment. In some patients, it would be interesting to run antibody tests against the beta-cells and thyroid gland before starting the treatment.
For early detection, regular and frequent screening for dysglycaemia and thyroid or cortisol disorders is recommended. Baseline glycaemic parameters and thyroid function must be documented prior to immunotherapy in oncologic setting.
The potential appearance of autoimmune disorders with the use of ICI versus the appearance of other secondary effects using conventional chemotherapeutic drugs should be considered before choosing an appropriate oncologic therapy.
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